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FOR PRODUCING HIGHLY UNSATURATED FATTY ACIDS BY USING THE MICROORGANISMS 
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(57) Abstract 

A microorganism which is Schizochytrium SR2I strain capable of producing (n-3) docosahexaenoic acid 
(DHA) and (n-6) docosapentaenoic acid (DPA), one which belongs to the same genus as that of this strain, and 
one which has substantially the same mycologkal properties as those of these microorganisms; and a process for 
producing (n-3) DHA and (n-6) DPA by using these microorganisms. They are excellent in reproduction properties 
and the capability of accumulating tats and have an extremely high (n-3) DHA and (n-6) DPA productivity. Thus. 
(n-3) DHA and/or (n-6) DPA, which are useful in the fields of foods and drugs, can be efficiently produced by using 
these microorganisms. Abo, rats obtained by incubating these microorganisms are provided. When added to various 
feeds or foods, these tat compositions containing (n-3) DHA having various physiological activities together with (n-6) 
DPA it possible to stably and efficiently supply (n-3) DHA and/or (n-6) DPA to the subjects requiring the same. 



(5 7) mm 

*5eBJ3l*. (n-3)^ K3^^#-9-x>»(DHA)i»J:^(n-6)^ K=> 
1^>*^>K(DP A )©££&i*W-r * h 'J-5AISR2 11**5 

^tfK. t£»£^£*tJffl-r*(n-3)^DHA*i«i: 
tf(n-6)*DPA©MiTfrj* J £:«#-f *«> *&*M<t>&!£V}\U 
•fctfniiS&Sft&KfttU (n-3)5^DHAfed:U f (n-6)^DP AO^Mtl 

9TWffi«(n-3)^DHAfcJ:tf/ttli(n-6)^D P A£3frJ*tti::$¥ 

©»I6«fiJt«I a * OilSt^Wt 5(n-3)^DHAtt^i:(n- 
-3)5SDHAfcJ:Cf/*/rli(n-6)5SDPA^^S«i:-r*^lwCn^ 
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u m * 

(D PA)/j: i'OiSK^teftlgJK&li. m* otlgtt^Wt 5fcoi%x. 

i»)(n-3)^J:^(n-6»^^tl$:i^bnTl>5o »«5<* 
rt-C{iCn - 3 (n- 6 )^OS5ff^«SfOJ}gJKMIiSiJ©ft»^»ir JR LT 

(n-3>^OJS5STfiSfDa&JKiBetc{i N WilMrx.'f 0 
: 5(n-3)]*K3t^+fx>K[2 2 : 6 ( n- 3 £*<£*4-w d 
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: 3(n-6XU ^**-t-U ^ l^>KC2 0 : 3 (n-6Xk T^* K>&[2 
0 : 4 (n-6)3ttifa<^2tU C ft £l*JBJ5?*.rt'* > x * 

D^3h y-x-ytt^r©-^ K© 1R*5^I42»^ 

ftfefttrtl-fc^TI*. **>©©> (n-3)?Mi Ka^ 

Will t h^lfil^©'J >8iK©8gfl£Bte&6!c{i. (n-3)mi*JW 

ifi>S4. 3 7%T*><K — (n-6)5fcl*y ^-'WRl 2.6 7%. 
£>**-7-'J y U>»0. 6 2 75+F>K16.93%. K 
^x>K0. 8 6%T* ♦? [Hardy«j>. Biocheo. J. . vol.274. pl33 (1991)]. 
(n-6)^© K=»if^>^iVK{iS©T^^l^ 

(n-3>3&©*tm»K«B-C**(n-3)* K3f^fi>B(DHA) 
li. tt^jCBS-^WBII-^RW^ffSL. cn^S'Blc4oi^Tffr^^©«tE 
LTl>£ t%ibntl^o :o(n-3)IDHAIi, ^fcKJS-f 
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— :5\ »«J{*P«3-C(n-6)^ K3t^>^x>K(D P A 
< tt£i#J£rti> Cn-3)^?lB&l»KcDX2.{^r-5ft«(i:a|-^.en5o 

itftSO-5y h©&»Sm$fc«*©J!I^Ifc*&SlUi. (n-3)^DHA*n 
/3i:«i^tSK — ^TTx (n-6)^DP A *< 4 <& C •» [Honayo 
un«a>. J. Neurochem. , vol.51, p. 45 (1988)] 0 $t»JC > b*^ $ > AX%.m 
7 -j hOlffli ?o V-Ai:*j^TCn-6)mDP A*ifiJc*<iE'J¥rffi©0. 9 
Xfr'fc 1 0. 5K^*f-f£w irCHanin^. Biochem.J.. vol.245. p907 
(1987)]. fc«£C^ (n-3)^©4 x tt^'<-A;te£i**./c5 v Mrfct^TCn 
-3)IDHA*<tt^L, (n-6)?fcDPA*<i«irar*::<h[Kebhung£. Bio 
sci. Biotech. Biochea. . vol.58. p314 (1994)] fc£f;&<SR^£ tlTl^o 

lt.n5(n-3)^DHA©ft«t LT(n-6)3&D P A*<£.(*P3-efE t»n 
id (n-6)&DP A*<fa£*>CD£.3&*Ji3:IiJ£WLT^<5 

75+ K>K07>^^X hi LTfc»l^T#5. 
S^K. ^«53Jt>nTl^(n-6)^DP A<Z)*Jffli££ LTlix 
*»l*K^aiO f ^-*-<-r*aiWi: LTffiffl-r^C<i:(#KIB5 6 1-20 4 
13 6 KbUtz^ (n-Gm<nmX&2 2<£>T>-t&m'&mELfrjLV;te.± 

±Z>m& : BlflUS. ?US:fc : ^ g^Ig^gffe J: tfSttflfiBSS 

R« : WHEffx KflgIfllS*J«l:C5iiEjSSS. K5>f • 7f(dry eye)ffi£i* : 
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ffiffit^C £(#58836 0-3 8 3 2 4 £ft* 0 

wO(n-6)lDPAI^ — &V3lZ&1&Znzm$(DtplZte±<&tt 
•f> «L7*©4Ui(n-3>^DP Ait bKfr-f'frlZS&nTlt-ZlZ-rgte 

*<C^Hspi-l 8 0 8 4 93x WO(n-6)IDPAO^i^l%SS 

DPAA<(n-6)IDPAJ:>)ftMl^it^n5fcJi)> £-&©*n 

Jii±<D<fc"?IC % jliCliait^i^iiaifl^tiCn-S^DHA 
*i«fcO : (n-6)^DPA*<#«E-r*A<. (n-3)IDHAfc«tc;(n-6)S 

dp A£^«c^T^*ifcBl^i*/:^£nTi^iv 

So JUiTiCWT^^ K>8(AA)^ a 

1^^>^i>K(EPA)/i<!:©Sa[^fiaf08SWrK4>#*tlS^i6. IHtS 

(n-3)fDHAifcli(n-6)IDPA^«k^t5i|^ 

^*<ffi«-c*5o mum i j\s?izi&m-rz>me>. M3t^>^x 

e,nt^5. (n-3)& K3^^**J=.>lt^*i6**-<"*lfc^i ^ 
li, ^^tfJIidtlfcilfflBtf^'J * • -TV ^-XCVibrio marinus)(AT 
CC 1 5 3 8 Df^tOBrt^^^tt*^^'^*^ 
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&X'£> Z> is ? • ? 'J T/t 1 4 Jo (Cyclotella cryptica)-^ ^ 'J T7*ir =J 

7^ — ^ A • n— (Crypthecodinium cohnii)0$^P 5 _ 5 0 3 4 2 
5)x ff^filia-C^^X^^X h+h»JOA- 7? ACThraustochytri 
un aureumXATC C 3 4 3 0 4 ) [Kendrick. Lipids, vol.27. pl5 (199 
2)]^> y ^ ftj 4. h U * A • f — (Japonochytriun sp. )(AT C C 2 
8 2 0 7)(^8S¥1-1 9 9 5 8 8)4*Mt»*ith5 0 U C*na> 

&1 0mg~5 0 0mgm£<hefcTtet>7Mt*i::±<t:£o 

c*ilic^-rtlt>(n-3)^© KniJ-^^jLVgre* 
<5o fcz&mmvx?* * f-^h^A-Tf UfA(ATCC 34 

3 0 4)<F>> ? + #>'* h U^A • xxf-(ATCC 2 8 2 0 
K=i i:ri<*n£*rct*-5a<. wnt»*>(n-3) 

(n-3)5|DHA^Wt5^-Ctt<, (n-6)^DPA?-^WU 
$ £JC E P A©^*T*CD&l^l!&£;5£L£-r* ^ £*J&<^fcB L> *3S«i8£ 
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& K3*^>*i>K(DPA)*£tftt«*^« 5 

t*wi:^»it5> (n-3)lDHA*>«tCJ t (n-6)IDPA^^t;tt 

*!6B^(i, ±IS^^b»(n-3)mDHA^^Ii(n-6)^DP A 
*#*r * ^ t * : i a i t « x (n-3)^DHA* 

* i* ( n - 6 m d p a <dw&x& *zm&-r * „ 

3)^DHAfcJ:Cf/Jfcl4(n-6)^DPAO«Mt bTWfflT'*8C 

H 2 (is •> h 'J * AI S R 2 1 t*©jtt^©fK<Z>*lift £^"r»« 
12 4 12> •>•/* K »J ^ A«S R 2 l**£3fe<D(n-6)3fc K=J-*^>*i 
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B3 6 li. •> V* h 'J ■> A« S R 2 1 t*E&3fc<D MJ^y-bU 1 
6:0-16: : 0 - 2 2 : 6)* y /<— b"OT U ft^T' h 'J / */l>-> U 

*^Hj6D7S^tt#^T*-5 SR 2 ltfUi. S ^^i/7ll5©t7y 

h U V A(Thraustochytriun)«Oftt^T'*S ^tlfco U -5: 

©ffi^tfrt£»£f* L < SS^fctS^x - > V4- h 'J ^ A (Schizochy 

trium)«©8r«£IS»£nS»^T«>SC: tfr*>frr>tz 0 :o->^ h 
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Slid. SR2 1 wi-**B*«*T*»), 2* 

s^icsm?-? >^ffli^*^f^ zrte&mizjL*), «s^©«^s««i 

ttiJE^ofco E12J*. S R 2 1 **©*£^©l!26©*li&*55^»«8!« 
_LIS2iiO©©jt8a»^^«kS«Bfl&^HItl»CiJ^T. ^*3BB«& 

SR2 1 ftA<*^f«t«lft±T^Ji)tt 5 3 Di-li, BS03o--i 

^©^JW»r 2*:©S$©^*^%^^^>jS^^«^* : *T'(EI 
1). 2*©W^©9^©Slf^ : ^*,^^«l^(-r^^=r^v)*<S2Bs 

*A> ra^:©=:2B«iie ; &^5(Ei2)o :n^:tfr&, SR2H*li. ? 

o X ^(Kingdom Chrooista). ^^I^P^ (Phylum Heterokonta)ir«-T 
So $£i::BgJ&K£>*-v h7-*JBfifci£. =DU->'{*E&*©«Fr*£x SR 
2 lfcfeii. 7k"'J > Tjs. -5 ffl (Class Labyrinthulea) v fcf 'j ^f^i^g(0r 
der Labyrinthulida)J::JR-r*o *£ L/T- $g**fflf&*«J*ff2£ *i(i1f RJBT' 
fc*£<t. fcJitflJsUBK©*-* h 7 ^ <b^£> S 
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R2 h 4- K 'J ^A*4(Family Thraustochytriidae){-JR-T 

SR2 l*0£MJStt2££t£IR9aSU 8 — 3 21@®^* 

tfattustu rc*tu i-2^ra»t-^iSffligic/iSo c 

X^-J^h^h'J 1 ) Af4tix # - * - [D. Porter. "Handbook of Protoc 
tista", Jones and Bartlett Publishers (1990)3 K^tU* 7 K 3 0 ^1<^ 
5^5o ^OSU 3 -5 n+ h V ^ A(Corallochytrium)lR[Haghukunar. S. . 
Botanica Marina. 30 : 83 (1987)]*<fiOx. £tt. X [Moss. S. T. . "The B 
iology of Free-living Heterotrophic Iagellates". Oxford University 
Press (1991)3 K£nj*8« 3 3Si$n4. 

:*i^77-)^h+F U * Af4 8JR©#S4ttifc©j§9T'£>£ 0 5 k* y > 
^^.D-r ^^(Ubyrinthuloides)^©^^!*^^*^*^ lUBK* y 
h 7~^±«-^BiJ{3?fj£-r^o 7-7*7 J * h y ^A(Aplanochytriuo)« 

lthornia)«{iH^H^ y h 7 - * 3rJ&J&ir-?\ #5St£-Cfc* 0 
* h U A (Japonochytrium)JS(iaBia^ HISS (apophysis)^ bio •> 
ju^r-r (Ulkenia)^^^^^ t»T > -^'^©^B^Jia^&m $ n 
^^{C^tl^iS^^^^b-rie y O Adhraustochytriu 
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fefc-fZo h ^ A(Schizochytrium)IRli Hl©a6j£ 

3-5 n4- h U A(Corallochytrium)JR(i=3^^-^> ? ^ttOJUS^ 

ftx Jb§e8JR©9 ^OA"!r— T«Cot>Tli> y/U h ^ - [Gaertner. A. . 
Verof f . Inst. Meeresf orsch. Bremerh. . 16:139 (1977)] li. 

$*lTi.>7t^.-5 h+ h 'J OA • ^'-f 1r — >*(Thraustochytrium 
visurgense) [Ulken. A. . Verof f. Inst. Meeresf orsch. Brenerh. . 9:289 (1 
965)]fcJ:a t ;*7'};* h If^A • T^^^MThraustochytrium a 
moeboidun) [Bahnweg. 0. «fc Sparrow. F. K. . Jr. Am. J. Bot. . 61 : 754 (19 

74)]©2a ; &o^y-TJUw^Ux -ztiztz^rt—r-izxzmmv* 

*r—T • i 7 — ^ (Ulkenia ainuta) [Raghukumar, S. . Verof f. Inst, lleeres 
f orsch. Bremerh. . 16:158 (1977)] £ $ t>tz 310«ra^TO/l/t- 

£>*UCl\, Jfr-'J ^^[Karring. J.S. . 'Predominantly Holocarpic and E 
ucarpic Simple Biflagellate Phycomycetes" . J.Cramer (1981)3 tt. O 

»j ^7Zs«©X-5 0X h+h'Jf^'^H U T ^ ^ (Thraustoc 
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hytrium striatun)ri<> I±'<* t *) 7 ^mtt Z>7 * 

^J^aBSS^^fiJc-r-S- <fc^^LTl^[Raghukumar.S.. Marine Biolo 
gy. 113:165 (1992)]o $ h "J ^ A«©tf 

3 eb Ufe h 'J A • -e>^u — y (Schizochytrium oangrovei) 

Uttt^ C iz &7fi L [Eaghukumar. S. . Trans. Br. My col. Soc. , 80 : 627 (19 
88)]. 

j: £»-rs3£-c<& >k SR2 i^©^fS5s©43T^ji«im^n-s?BST'*»So 
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> [Goldstein. S. J: Belsky. M. . An. J. Bot. . 51 : 72 (1964)] «fc 
U £ [Booth. T. «fc Cfliiller. C. E. . Can. J. Bot. . 47 : 2051 (1969)3 

T. SR2 lmtisV* h U V J*m\Zfr&?*<D&&^&* tWftZtl 

So 

h \j x$ ju • T ^ U/t" ^ A (Schizochytrium aggregatuo)(i^ 

-fb-rso 6 — 6 4mom^^^i-t^o ss> 

K . 2 @ ©IBIS*- £ tt««fe?tta3 teH <=> tlt£ ^ <fc Ktt S *XT l * * [Goldste 
in.S.fc.fctfBelsky.M.. Am. J. Bot. . 51:72 (1964X Booth. T. Jo «fc tfllil 1 
er.C.B.. Can. J. Bot. . 47:2051 (1969)] . 

h y • i ? — ^ A (Schizochytrium minutun)lix •>*/4 > h 'J 

©ttUStJt'fcJBfiJc U 2«©«J6**#ttiT*o M^JiS 

SIT**). 2 *©*#&©££« 8. 5 //mi 3. 0 mMKT'ifcS [Gaertner. 
A.. Veroff. Inst. Meerestorsch. Bremer. . 19:61 (l981)]o 

£/r^ -> % /4- h 'J ^A * 3*"^ f* * sJ5 5 A (Schizochytrium octosporun) 

~ ? — ? At^'ioTt^ [Raghukumar. S. . Trans. Br. Mycol. Soc. . 90:2 
73 (1988)]o 

1987^l'-5*-*— r -*<*T(* > K)©^ > ?'o - -/CR^a 
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-en*-c[cf^tt$tlTc^/c±le3acDiajt^F(i^^-rt^t>is^ : ?slc^: 

v-lid L> fr8h>V> h 'J ^ A • -=?>^n-iy T -r (Schiz 

ochytrium nangrovei)^r!9:»t [Eaghukumar. S. . Trans. Br. iiycol. Soc. . 9 
0 : 627 (1988)]o 
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ffi&m=pK&itT Z S. mangrovei 



2. jgjt^RCDiE&li 1 5 — 2 5 /zmTalt 

6~6 4<i®3a^ ; &Bfi5t'r5 * • • S. aggregatun 

2. 4 /imiaT-easfe^F 

si* 2 zizitsmv&mir&m&LTz • • • • 3 



3. 3lJt«tt 8 • • • • S. octosporun 

3. ia^Srt2<10iS^ : ? :; £-^fiJcT* .... S.minutun 

SI i;^L^^S*fcJ:a t BSE»]©4a^ie«£bA:IS«(i:. SR2 1«© 

•>y* h u * a • h*#^z*jr*ft-en»Ksn**<* s r 2 it*i* 
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$ M^m^m^l 5-2 5 ^m-CiooTie^S^t. 1 6tt^L 
6 ^©igife^CfcTfU I5«©*SK«C{i^< ©<ht>9^0^)*<^ 

^Tli7> -^*t»t<D^^«B§a{i«^$tiTt>A^>^«> > SR2 

sr2 imi^v^-v ^A«cDgtffcD4«c{i^^-^r> h y o 

fSk :®v"/4h^A)SSR21 X*£MffR£4*X«:ii««? 
ri^ISR2 1itJ ©£ffcT'¥G)c 7^3 3 6 Btttt"C3H£ £ 
*U SKS^FERM B P-5 0 3 4*SmLT^So $<ii:, gtEE& 

Asmw^imKWtiLi^zn 1 7B#tf-e«s£$*u sas^i fo 3 

2 6 9 3 *SmLTi>* 0 

EFERM BP-503 4ffclilFO 326 9 3i:i^>f> JiiE 

h 'J^A«SR2 lt*©g¥ttt£KCHB£LT!£SR2 lftiH- 

©**M»*<£**i*. *5feW©4**©— ott. tt&«g©ttKttttJt*tt«> 
RT*5o 3£oT. (n-3)»K3t^+tx>»fcJ:c;(n-6)^K3U- 
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£ 0 . 4 M 7 w /U* - fcffi i ^T«iS*i «k U C © 7 * ;U - 
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0I1«^±, dft&SF £ L< 1*3 0m«%J£t_hS«-r* o tel&cfc.cD 
(n-3)5& Ka-fr'vMJ-iVBttt. 15if^±T* 
L<. $ L< 112 01i%^±, L< 12 3 5 

*K£Lb. L< Ii6~l llt%T^i. flfeflg*©^ 

3-*}"<.>fjL>&(D£mW&lt. 2M%*jB6-C**©3&<«?£ U<. 
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(b) P. K. Bajapai. P. Bajapaifr JiZfO. P. Ward. J. Am. Oil Chem. Soc. . 
68 : 509 (1991) 

(c) P. Bajapai. P. K. Bajapai4a <fcC/0. P. Ward. Appl. Microbiol. 
Biotechnol. 35 : 706 C1991) 

(d) A. Kendric:fc> «£ CfC. Eatledge, Lipids 27: 15 (1992) 
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